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1. Purpose. This Public Works Technical Bulletin (PWTB) transmits the
current, regional cost data obtained from various Federal, State, and
private agencies concerning land rehabilitation and maintenance (LRAM)
practices.

2. Applicability. This PWTB applies to all continental U.S. Army
facilities.

3. References.

a. Army Regulation (AR) 200-3, “Environmental Quality, Natural
Resources—Land, Forest and Wildlife Management,” 28 February 1995, as
modified 20 March 2000.

b. Additional references are in Appendices E and F.
4_ Discussion.

a. The U.S. Army is responsible for managing millions of acres of
land used to support a variety of training and testing activities.
Increased use of this land results in deterioration that can adversely
affect mission requirements and safety. Various LRAM practices can
offset this deterioration by physically or biologically controlling
erosion and stabilizing land surfaces with vegetation. These
practices frequently include the use of heavy equipment and farming
implements to manipulate site characteristics, install erosion control
materials and structures, prepare seedbeds, apply soil amendments, and
seed or transplant vegetation. Planning, designing, budgeting, and
implementing comprehensive LRAM projects requires information concern-
ing component costs associated with erosion control and revegetation.
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Differences in climate, geology, soils, and vegetation types between
Army installations, however, result in significant cost variability.

b. This report summarizes current, regional cost data obtained
from various Federal, State, and private agencies concerning LRAM
practices. In general, LRAM costs were highest in the Pacific Coast,
Intermountain, and Northeast regions of the United States and lowest
in the Great Plains, Central Lake, and Humid South regions. This
finding reflects regional differences in costs of goods and services,
proximity to larger cities capable of providing necessary LRAM
equipment and services, and proximity to production agriculture
enterprises.

c. Appendix A contains background information.

d. Appendix B contains project details and data collection
information.

e. Appendix C contains types of maintenance and rehabilitation
activities.

. Appendix D contains summary information.
g- Appendix E contains general references.
h. Appendix F contains references for cost data sources.

i. Appendix G contains approximate retail prices of common
herbicides.

5. Points of Contact. HQUSACE is the proponent for this document.
The POC at HQUSACE is Mr. Malcolm E. McLeod, CEMP-I11, 202-761-0632, or
e-mail: malcolm.e_mcleod@usace.army.mil.

Questions and/or comments regarding this subject should be directed to
the technical POC:

U.S. Army Engineer Research and Development Center

Construction Engineering Research Laboratory

ATTN: CEERD-CN-E (Dick L. Gebhart)

2902 Newmark Drive

Champaign, IL 61822-1072

Tel. (217)373-5847/(800)USA-CERL

FAX: (217)373-7266

e-mail: Dick.L.Gebhart@erdc.usace.army.mil

FOR THE COMMANDER:
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APPENDIX A
INTRODUCT ION

The U.S. Army is responsible for managing about 12.4 million
acres of land used to support a variety of military training and
testing activities (U.S. Department of the Army 1989). This
land base, however, i1s considered i1nadequate for meeting
existing training mission requirements (U.S. Department of the
Army 1978). Increased use of this limited land resource iIn
recent years has resulted In a gradual deterioration in the
condition of natural resources assets at Army training
facilities within the United States (Diersing and Severinghaus
1984; Goran et al. 1983; Johnson 1982).

To offset the deterioration caused by military training and
testing activities, iInstallation land managers rely on various
rehabilitation and maintenance practices to maintain or
reestablish the ecological integrity and stability of training
lands. These practices frequently include the use of heavy
equipment and farming implements to manipulate site
characteristics, install erosion control materials and
structures, prepare seedbeds, apply soil amendments, and seed or
transplant vegetation. Planning, designing, and implementing
comprehensive land rehabilitation and maintenance projects
requires information concerning associated component costs
(e.g., earthwork, sediment fence, tillage, fertilizer
application, seeding, etc.). Significant differences between
Army installations in climate, geology, soils, vegetation types,
mission requirements, and proximity to large population centers,
however, means that the cost (e.g., for seedbed preparation,
fertilizing, and revegetating damaged training areas) will vary
widely.

Because of the variability in land rehabilitation and mainte-
nance (LRAM) costs between installations located in the United
States, Headquarters, U.S. Army Corps of Engineers (HQUSACE),
asked the U.S. Army Engineer Research and Development Center,
Construction Engineering Research Laboratory (ERDC/CERL) to
coordinate the assembly of regional cost data for use by
installation land managers.

In addition to providing regionally specific cost data essential
for budgeting, planning, and designing LRAM projects, these data
are also useful for selecting the most appropriate practice
based on relative costs and desired results. For example, the
cost of drilling grass seed might be 1.5 times greater than the
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cost of broadcasting seed, but improved germination and
establishment of drilled seed compared to broadcasted seed
compensates for the difference in cost, especially on highly
erosive sites requiring immediate vegetative stabilization.
Although actual costs for rehabilitation and maintenance
practices will undoubtedly change and require update over time,
relative costs between practices should remain somewhat
constant, ensuring their applicability well into the future. In
response to the request by HQUSACE, ERDC/CERL began to assemble
regional cost estimates pertaining to the component activities
associated with LRAM practices.

The objective of this report is to provide current, regionally
based cost estimates for the component activities associated
with land rehabilitation and maintenance. The first task 1iIn
this project was to divide the United States into regions with
grossly similar climates, geology, soils, and vegetation types.
Appendix B lists the seven resulting regions. The next task
involved i1dentifying and contacting various Federal, State, and
private agencies within each defined region concerning
availability and access to current LRAM cost data. Appendix C
summarizes the results by region and LRAM practice. Appendix F
references the cost data sources. Assembling and compiling cost
data represented the final task of this project.

The results of this project have applicability to all U.S. Army
installations within the continental United States. The
information in this report will be used by installation land
managers and natural resources personnel for planning,
budgeting, designing, and implementing land maintenance and
rehabilitation projects. The data presented in this report
should be used with caution and only as a general reference for
decisionmaking. It should be noted that, without periodic
update, the actual cost estimates presented in this report may
not be representative for more than a few years. Relative costs
between different LRAM practices should, however, remain
reasonably constant. A large majority of cost references were
obtained from the Internet, so land managers and other
individuals may want to review the Internet during the planning
and budgeting processes, as information is continually updated.
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Non-S1* units of measurement used

SI units as follows:

in this report can be converted to

Multiply By To Obtain
acres 4,046.873 square meters
acres 2.457 hectares
cubic feet 0.02831685 cubic meters
cubic inches 0.00001638706 cubic meters
cubic yards 1.309 cubic meters
feet 0.3048 meters
gallons (U.S. liquid) 0.26455 liters

inches 0.0254 meters

miles (U.S. statute) 1.609347 kilometers
pounds (mass) 0.4535924 kilograms
square feet 0.09290304 square meters
square yards 1.196 square meters
tons (2,000 pounds, mass) 907.1847 kilograms
yards 0.9144 meters

* Systeme International d’Unités (“International System of Measurement”), commonly known as the

“metric system.”
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APPENDIX B
PROJECT DETAILS AND DATA COLLECTION

For the purpose of obtaining regional cost estimates associated
with LRAM practices, the United States was divided into seven
regions based on gross similarities in climate, geology, soils,
and vegetation types (U.S. Department of Agriculture, Natural
Resources Conservation Service 1981). These seven regions and
the states included in them are:

1. Pacific Coast: California, Oregon, and Washington
2. Intermountain: Arizona, ldaho, Nevada, and Utah

3. Northern Great Plains: Montana, Nebraska, North Dakota, South
Dakota, and Wyoming

4. Southern Great Plains: Colorado, Kansas, New Mexico,
Oklahoma, and Texas

5. Central Lake: Illinois, Indiana, lowa, Michigan, Minnesota,
Missouri, Ohio, and Wisconsin

6. Northeast: Connecticut, Delaware, Maine, Maryland,
Massachusetts, New Hampshire, New Jersey, New York,
Pennsylvania, Rhode Island, Vermont, and West Virginia

7. Humid South: Alabama, Arkansas, Florida, Georgia, Kentucky,
Louisiana, Mississippi, North Carolina, South Carolina,
Tennessee, and Virginia.

Data for Alaska was very difficult to obtain because of the
state’s remoteness and diversity in climate, geology, soils, and
vegetation types. Most agencies contacted indicated that adding
an additional 30 to 50 percent to cost estimates for the Pacific
Coast region would provide reasonable estimates for costs
associated with LRAM practices in Alaska. The limited data
collected from Alaskan agencies support this generalization.

Within each region, various Federal, State, and private agencies
were contacted concerning their ability to provide current
component cost data regarding LRAM practices. Appendix F
references these data sources. Component costs refer to those
associated with a specific kind of activity or task. For
example, a rehabilitation and maintenance project designed to
control erosion through the reestablishment of vegetation might
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include the following component activities: (1) earthwork to
Till gullies or reduce slope length and gradient, (2) plowing or
disking to prepare a seedbed for planting, (3) application of
soil amendments to enhance soil fertility and subsequent plant
growth, (4) drilling or broadcasting seeds on the prepared site,
and (5) mulching the seeded site to protect i1t from further
erosion while the newly seeded vegetation becomes established.
Each of these five component activities has a cost associated
with i1t; these are the types of costs presented in this report.

Unless otherwise noted, all costs iIn this report represent
installed costs that include materials, labor, and equipment
needed to satisfactorily perform the work. These costs are
based on average-sized jobs done by experienced contractors,
operators, and vendors. Materials costs can be reduced i1t local
or installation resources such as riprap, gravel, straw, or
plant materials are available for use. Labor and equipment
costs can be reduced by using engineer troop personnel and
machinery for LRAM projects whenever circumstances present this
opportunity. Certain component activities, such as disking and
broadcasting seed or disking and applying fertilizer, for
example, can also be combined to reduce costs if conditions and
project objectives permit.

All cost data were acquired from various sources between
December 2003 and July 2004, with the majority obtained from the

Internet. In general, only cost data from LRAM practices
applied after 1 January 2000 were considered current enough to
be used iIn this report. It is Important to note that much of

the data used to compile cost estimates were derived from
agricultural surveys and research that may not be entirely
representative of conditions encountered on Army training lands.
Additional cost data were derived from state department of
transportation contracts and bidding specification sheets.
Significant differences between these costs, which are based on
large scale, extensively managed agricultural land areas, and
costs presented in publications such as Means (2004), which is
based on smaller scale, intensively managed urban landscape and
construction areas, should be expected. For smaller LRAM
projects with limited scope, Means (2004) and A.C.E. (2004) are
excellent cost-estimating resources.

Although the cost data published in this report include
averages, the price ranges presented are broad enough In many
cases to warrant additional consideration and are probably more
useful than averages for several reasons. Site conditions can
vary greatly. In some iInstances, difficult site conditions can
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increase costs, whereas ideal conditions often decrease costs.
Types of equipment capable of accomplishing similar tasks also
vary considerably in availability and cost of operation.

Unusual circumstances affecting the amount of time required for
task completion, such as extremely wet, frozen, rocky, or clayey
soils, may also result iIn significant cost variability.

Distance to job site and overall job size have dramatic effects
on cost. Smaller jobs will generally have higher per unit costs
than large jobs. Unionized versus nonunionized labor sources
and government versus nongovernment contracts also have major
impacts on cost. Fuel i1s generally assumed to represent an
immaterial cost of a rehabilitation or maintenance project.
However, the recent price increases associated with fuel costs
may become a material concern in the future. Therefore, an
individual may want to consult the Internet (e.g.,
http://tonto.eia.doe.gov/oog/info/wohdp/diesel _.asp) to review
current fuel costs. The cost data presented here are not meant
to be all inclusive, but rather should be used with caution and
only as a guide upon which to base solid decisions.

B-3
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APPENDIX C
TYPES OF MAINTENANCE AND REHABILITATION ACTIVITIES

Commonly used land rehabilitation and maintenance practices can
be divided into several categories depending on project
objectives or the extent and severity of site degradation.

These categories involve manipulating undesirable vegetation
occurring on the site; manipulating physical site
characteristics; installing physical or biological erosion
control measures; preparing seedbeds for planting; applying soil
amendments to enhance soil water retention, nutrient supplying
capacity, and overall plant growth and development; establishing
vegetation through direct seeding or transplanting; and
safeguarding revegetation efforts (e.g., through the use of
mulch) to ensure the greatest probability of successful
revegetation.

Manipulating Existing Vegetation

Manipulating unwanted or undesirable vegetation is usually
accomplished by applying selective or nonselective herbicides.
Selective herbicides kill or damage individual species or groups
of species with little or no injury to other plant species,
whereas nonselective herbicides kill or damage all plant
species. Both types of herbicides are manufactured iIn
formulations (liquids, granules, pellets) that can be sprayed
directly on foliage or broadcast on the soil surface using
ground rigs, aircraft, or individual plant application
techniques (Bovey 1977; Vallentine 1989).

Table C-1 provides regional cost estimates for the different
types of herbicide application techniques. Due to differences
in herbicide selectivity, mode of action, application rates,
manufacturing costs, and intended use at individual sites, the
price of herbicides i1s not included In these estimates.

Appendix G, however, provides a list of the most commonly used
herbicides and purchase prices associated with them. 1t should
be noted that, due to both research and regulatory matters, new
herbicides are continually coming onto the market and old ones
are being pulled for various reasons. The herbicides listed are
available in 2004 and are labeled for one or several of the
following uses: general farmstead, fallow pasture, Conservation
Reserve Program (CRP) land, and general brush control. The
different brand name families of pesticides also have several
different formulations with different strengths. Although
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Table C-1. Regional average costs and ranges for ground and
aerial application of herbicides.

Herbicide Application Method
Estimate Ground Applied Aerially Applied
Region Type Herbicide* Herbicide*
($/acre) ($/acre)
. Average 14.28 13.50
Pacific Coast
Range 10.00-35.00 12.00-15.00
. Average 12.80 11.60
Intermountain
Range 3.00-35.00 4.00-23.00
Northern Average 6.75 5.07
Great Plains Range 1.00-20.00 2.00-14.00
Southern Average 10.42 12.40
Great Plains Range 2.50-22.70 2.50-42.69
Average 9.01 7.13
Central Lake
Range 2.50-31.01 4.73-10.00
Average 7.40 8.40
Northeast
Range 5.00-9.00 7.40-10.00
Average 12.05 5.54
Humid South g
Range 2.64-30.00 3.04-8.70
* These estimates do not include the costs of herbicides. See
Appendix G for a list of commonly used herbicides and their
associated purchase prices.

generic brands may be available at a lower unit cost, i1t iIs
important to compare active ingredients between name-brand and
generic products. In addition, as the amount of chemical needed
increases, the unit cost for the chemical decreases. For all
regions, the low end of the cost estimate range represents ideal
conditions (e.g., large acreages; dry, loamy, level soil
surfaces; small stature, undesirable herbaceous plant species
with modest plant densities; reduced application rates; owner-
operated equipment); whereas the high end represents difficult
conditions (e.g., small acreages; wet, clayey, sloping soil
surfaces; large stature, undesirable woody species with high
plant densities; increased application rates; contractor-owned
and -operated equipment).

The Intermountain and Pacific Coast regions tended to have

ground-applied average herbicide application costs that were
higher when compared with other regions (Table C-1). This
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tendency reflects the long distances separating LRAM sites and
reasonably sized population centers offering custom herbicide
application in the Intermountain region, and generally higher
costs of goods and services within the Pacific Coast region.
The Pacific Coast and the Southern Great Plains regions tended
to have higher average costs for aerial applied herbicides
compared with the other regions (Table C-1). Although aerial
herbicide application costs in most regions were generally lower
than ground rig application costs, aerial applicators will not
usually spray small, disjointed acreages that may characterize
some LRAM sites.

Manipulating unwanted or undesirable vegetation can also be
accomplished through mechanical practices such as bulldozing,
root plowing, and brushland plowing, which are capable of
damaging or destroying plant root systems (Vallentine 1989).
Various tractor-mounted planes, blades, and cultivators can be
used to sever the roots of trees, shrubs, and associated
herbaceous perennials below ground. Root plowing, brush
plowing, brush and bush hogging, and shredding are grouped under
“Mechanical Brush Control” in Table C-2. These practices are
best adapted to dry, level, sandy/loamy, rock-free sites having
large-stature trees or shrubs in densities that make other types
of mechanical treatments impractical (Carlton et al. 1973).

Wet, sloping, rocky, or clayey sites and larger, more powerful
tractors (D5 versus D7, for example) contribute to increased
costs for all regions.

Due to increased Tire frequency and severity in California in
recent years, the Pacific Coast region tended to have the
highest costs associated with these vegetation control
practices. The higher end of the cost range represents
activities that use heavy power equipment, such as root plowing,
whereas the lower end of the cost range represents activities
such as shredding and chopping.

Shredding, chopping, and hogging methods are usually less
effective than other mechanical treatments for controlling
vegetation. Repeated treatments are often necessary for
reasonable control, especially on sites dominated by herbaceous
perennial, sprouting, or low growing vegetation (Vallentine
1989). Increased costs can be expected on sites with steep
slopes, wet soils, and vegetation types dominated by small trees
or shrubs.

C-3



PWTB 200-3-33
1 JUN 2005

Table C-2. Regional average costs and ranges for manipulating
vegetation with mechanical treatments and burning.

Type of Vegetation Manipulation
Estimate Mechanical
Region Type Bulldozing Brush Control Chaining Burning
($/hr) ($/acre) ($/acre) ($/acre)
- Average 108.62 227 .45 28.75 24.96

Pacific
Coast

Range 74.30-162.84 12.00-800.00 10.00-45.00 8.00-75.00

Average 79.17 26.40 24 .67 10.02
Inter-
mountain | ponge 55.00-125.00 7.00-75.00 | 15.00-60.00 5.00-25.00
Northern Average 96.06 20.83 * 9.30
Great
Plains Range 13.00-160.00 2.50-59.55 * 6.00-14.00
Southern Average 81.56 42 .67 36.55 12.49
Great
Plains Range 20.00-154.00 5.00-140.00 11.00-69.00 3.80-20.00

*

Central Average 91.47 13.58 31.57
Lake

Range 25.00-170.00 3.00-38.02 * 7.17-83.80

Average 100.14 86.97 * 42 .50
Northeast

Range 40.00-211.70 6.00-600.00 * 15.00-90.00

*

Humid Average 77.24 24.93 15.41
South

Range 30.00-150.00 5.00-100.00 * 5.00-40.00
* Indicates data not available or not applicable.

Chaining and controlled burning are also useful for manipulating
unwanted or undesirable vegetation (Scifres 1980). Chaining
consists of dragging heavy anchor chain behind two tractors
traveling in a parallel direction and is effective for removing
even-aged, mature, nonsprouting, single-stemmed tree species.
Its use is confined primarily to Pacific Coast, Intermountain,
and Southern Great Plains regions where costs range from $10 to
$69 per acre (Table C-2), depending on site characteristics and
tree density.

Most of the costs associated with controlled burning are related
to fire control (Bidwell and Masters 1993). High fuel loads,
woody vegetation types, rough or dissected topography, close
proximity to adjacent landowners, and strong regulatory
requirements all iIncrease controlled burning costs. In light of
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these considerations, it is not surprising that the Northeast
has controlled burning costs well above those for other regions
(Table C-2).

Manipulating Site Characteristics

Many disturbed sites require techniques specifically designed to
repair gully erosion, modify slope lengths and gradients,
control the direction and velocity of runoff, and trap and
retain water iIn terraces, trenches, and furrows. Most of these
techniques require some form of earthwork involving excavation,
fill material, topsoil, or grading and shaping.

Table C-3 provides regional cost estimates for these types of
activities. Contractor-owned equipment, remoteness of the job
site, steep slopes, and wet, rocky soils contribute to increased
earthwork costs. Long haul distances (greater than 300 ft) over
unimproved roads with steep grades can significantly increase
earthwork costs (U.S. Department of Agriculture, Forest Service
1994) beyond those indicated in Table C-3 and must be estimated
for each project. Compared to other regions, excavation and
Till material costs are highest for the Central Lake, Northeast,
and Pacific Coast regions. Altered excavation, storage (if
required), and spreading will iIncrease the costs associated with
topsoil for all regions. Specialized retrieval and storage
practices are frequently necessary in the Intermountain region
to salvage the limited topsoil some relatively young, arid soils
have managed to develop (Buol et al. 1980) (Table C-3).

Although the Southern Great Plains region tended to have the
highest average grading and shaping costs, the most expensive
costs associated with grading and shaping tended to occur iIn the
Pacific Coast and Central Lake regions. Means (2004) presents
more detailed information concerning estimating costs associated
with different earthwork equipment and practices.

Contour terracing, trenching, and furrowing are used to
intercept and control moderate amounts of runoff, thereby
conserving rainfall and reducing the potential for accelerated
erosion and sedimentation (Laflen et al. 1985). Terraces and
trenches can be classified by alignment, cross section, grade,
and outlet. They may or may not be parallel, may or may not be
vegetated, may be level or on a grade, and may have surface or
underground outlets, both, or neither (Laflen et al. 1985).
Cost data indicate that terracing and trenching are generally
more expensive iIn the Northeast and Pacific Coast regions (Table
C-3) when compared with other regions.
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Table C-3.

associated with manipulating site characteristics.

Regional average costs and ranges for earthwork

** Indicates data not available or not applicable.

Type of Earthwork
Excavation
Estimate or Fill Grading and
Region Type Material | Topsoiling Shaping Terracing Furrowing Trenching
($/cy)™* ($/cy) ($/acre) $/71H)* ($/acre) $/11)
- Average 4.19 21.95 321.95 0.96 12.13 5.91

Pacific
Coast Range 1.25-12.29 1;6335 50.00-1000.00| 0.71-1.20| 11.25-13.25| 1.45-10.00
Inter— Average 2.15 4.49 205.12 0.66 16.00 1.09
mountain | pange 1.25-4.00| 2.88-6.10| 50.00-435.60| 0.58-0.74| 12.00-20.00| 0.73-1.45
Northern |Average 2.01 2.64 327.63 0.95 17.00 1.95
Great
Plains Range 1.00-8.06| 1.39-10.50| 225.00-600.00| 0.35-1.82| 12.00-22.00 0.20-3.83
Southern |Average 3.51 2.18 339.00 0.91 11.48 1.24
Great
Plains Range 1.00-22.25| 0.93-3.00| 178.00-500.00| 0.34-5.00 3.00-21.00 0.30-4.00
Central Average 8.29 8.62 240.46 3.29 *x 1.52
Lake Range 1.50-50.00| 0.60-45.00| 127.69-1120.38| 0.80-8.00 Fx 0.50-6.73

Average 6.95 19.03 194.38 3.31 *x 3.29
Northeast

Range 0.10-41.81| 1.91-95.00| 100.00-300.00| 0.35-5.00 Fx 3.00-3.57
Humid Average 2.70 6.14 277.70 0.92 *x 1.66
South Range 1.10-12.20| 2.00-15.90 75.00-600.00| 0.30-1.60 *x 0.50-4.43
* ¢y = cubic yard; If = linear foot

Contour furrowing, on the other hand,

is a shallower and less

disruptive soil surface manipulation than terracing and

trenching.
moderate amounts of runoff,

Furrows have been successfully used to control
improve infiltration, and increase
the amount of water available for plant growth iIn the western

United States (Vallentine 1989). It should be noted that

seeding can often be combined with a shallow furrowing operation
on many areas

constraints permit.

ifT site conditions and seasonal
Contour furrowing practices are higher in

climatic

cost for the Intermountain and Northern Great Plains regions
(Table C-3).
biomass production, rooting depth, and resultant prolonged green
growth periods following rangeland furrowing are responsible for
the widespread use and resultant lower costs observed iIn the
Southern Great Plains.

Increased soil water contents, soil water depth,
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Biological and Physical Erosion Control Practices

Following manipulation of existing vegetation and site
characteristics, 1t is often desirable to install biological and
physical erosion control practices that maintain site integrity
prior to or concurrent with revegetation efforts. Two of the
more common biological erosion control practices are grassed
waterways and vegetative filter strips. Grassed waterways
provide an energy dissipating vegetative mat over which
deliberately concentrated runoff can flow without causing
excessive erosion (Laflen et al. 1985). Grassed waterway costs
include associated earthwork (grading/shaping), seedbed
preparation, soil amendments, and seed from species adapted for
this purpose. Regions with higher average annual precipitation
and greater probability for high intensity precipitation events,
such as the Central Lake, Northeast, and Humid South regions
generally have iIncreased grassed waterway costs (Table C-4).
Higher costs can be expected on remote sites with steep slopes
and unfavorable soil conditions (e.g., wet, clayey, or rocky).
Cost ranges shown in Table C-4 illustrate this variability due
to adverse site characteristics and remoteness.

Table C-4. Regional average costs and ranges for biological
erosion control practices.

Type of Practice
Grassed Waterways Filter Stripping
Region Estimate Type ($/acre) ($/acre)
Average 866.67 112.20
Pacific Coast
Range 100.00-2000.00 12.00-300.00
} Average 925.00 78.33
Intermountain
Range 350.00-1500.00 5.00-200.00
Northern Great Average 1278.38 42 .33
Plains Range 500.00-2600.00 20.00-75.00
Southern Great Average 504.57 73.33
Plains Range 150.00-750.00 10.00-110.00
Average 1438.50 95.33
Central Lake
Range 377.00-2500.00 12.00-175.00
Average 1437 .50 272.95
Northeast
Range 600.00-2750.00 12.00-600.00
Average 1721.24 172.78
Humid South
Range 943.00-2878.33 60.30-455.00
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Vegetative filter stripping with annual or perennial species
that have the ability to quickly germinate and subsequently
develop extensive root systems offers a means to slow runoff
velocity and trap suspended sediment behind the upslope side of
vegetation strips. Filter stripping costs include seedbed
preparation and seed. Increased costs can be expected on
longer, steeper, or more unstable slopes that require strips to
be planted closer together for effectiveness. This increased
cost is especially true for regions prone to high intensity
rainfall such as the Northeast and Humid South (Table C-4).

Physical erosion control practices include diversion ditches,
sediment retention ponds, gabions, riprap, and sediment fencing.
All of these practices are directed towards diverting runoff to,
or concentrating flow on, areas less prone to erosion, reducing
runoff volumes and velocities, or trapping suspended sediments
before they move off-site (Laflen et al. 1985). Installation
costs for diversions and sediment retention ponds were higher iIn
the Pacific Coast than in other regions (Table C-5). The
Central Lake region had the highest average cost for installing
gabions, the Northeast had the highest average cost for riprap,
and the Northern Great Plains had the highest average cost for

Table C-5. Regional average costs and ranges for physical
erosion control practices.

Type of Practice
Sediment
Estimate Diversion Retention Sediment
Region Type Ditches Ponds Gabions Riprap Fence
($/71F)* ($/cy)* ($/cy) ($/cy) ($/711)
Pacific Average 5.94 11.98 122.50 33.15 2.19
Coast Range 1.20-20.00 | 4.00-24.80 | 100.00-145.00 23.33-61.61 1.15-3.98
Inter- Average 2.07 2.57 130.00 36.67 3.15
mountain Range 0.50-4.00 0.98-6.00 85.00-240.00 20.00-50.00 2.08-3.74
gorthern Average 1.34 2.01 128.06 36.05 3.70
reat
Plains Range 1.00-2.70 | 1.00-8.06 | 71.41-157.50 | 11.00-65.19 | 0.34-10.00
gouthern Average 1.24 5.49 135.77 44.71 2.91
reat
Plains Range 0.30-4.00 | 1.00-13.00 | 62.30-215.00 | 22.25-80.00 | 1.00-3.58
Central Average 2.86 3.39 141.30 36.76 1.73
Lake Range 1.25-4.50 | 1.00-10.00 130.78-160.00 | 10.71-141.65 0.63-4.00
Average 4_.06 4.13 117.50 46 .37 2.30
Northeast
Range 1.50-10.00 | 2.00-14.40 110.00-125.00 | 13.30-100.00 | 0.60-10.00
Humid Average 1.93 4.92 117.11 26.95 2.02
South Range 0.73-5.30 | 1.65-14.05 86.61-150.00 | 10.65-87.50 1.00-5.00

* ¢y = cubic yard;

If = linear foot
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installing sediment fence (Table C-5). Data regarding physical
erosion control materials and structures such as cabled and tri-
lock blocks, flumes, chutes, and culverts are not presented due
to their cost variability. The costs associated with these
materials and structures are probably best approached on a
project-specific basis using vendor, contractor, or engineering
specifications.

Seedbed Preparation

Choosing a seedbed preparation method depends on several site-
specific criteria including slope, kinds and amounts of existing
vegetation, and soil type, depth, texture, chemistry, and
stoniness (Vallentine 1989). More common methods involve using
fire, herbicides, and mechanical farming implements. Fire and
herbicidal methods use direct seeding into vegetation that has
been recently burned or sprayed. These methods are often lower
in cost than mechanical seedbed preparation; however, they have
distinct disadvantages that preclude their widespread use.
Heterogeneous burns due to insufficient fuel loads, competitive
vegetation that sprouts iIn response to fire, and potential soil
crusting problems limit the applicability and success of fire as
a seedbed preparation tool (Vallentine 1989). Lack of complete
kill, residue toxicity, or excessive dead mulch and litter from
sprayed vegetation may subject newly planted seedlings to
herbicide stress and undue competition for light, nutrients, and
water that can result in seeding failure. |If the above
disadvantages can be overcome, fire and herbicides are effective
seedbed preparation methods. Regional cost estimates associated
with these methods are presented in Tables C-1 and C-2.

Seedbed preparation methods involving mechanical farming
implements include subsoiling, chiseling, moldboard plowing,
offset disking, and tandem disking. Subsoiling and chiseling
are deep tillage operations designed to break or shatter
compacted soil layers that can inhibit germination, root
development, and moisture infiltration (Brady 1980). Chiseling
iIs less expensive than subsoiling due to shallower depths of
implement operation and reduced power requirements. Regional
cost estimates for subsoiling and chiseling are shown in Table
C-6. Wet, rocky soils, steeper slopes, and greater depths of
subsoiling or chiseling necessary to break up compacted soil
layers contribute to increased costs. The generally higher
costs of goods and services in the Pacific Coast and Northeast
resulted in higher average costs for subsoiling and chiseling in
these regions compared with the other regions (Table C-6).
Moldboard plowing, offset disking, and tandem disking are
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Table C-6. Regional average costs and ranges for seedbed
preparation practices.

Types of Seedbed Preparation
Estimate Moldboard Offset Tandem
Region Type Subsoiling Chiseling Plowing Disking Disking
($/acre) ($/acre) ($/acre) ($/acre) ($/acre)
Pacific Average 39.00 23.88 * 17.00 18.46
Coast Range | 20.00-75.00 | 10.00-50.00 *114.00-25.00 | 7.00-24.51
Inter- Average 18.18 14.13 16.35 11.01 9.63
mountain Range 12.00-22.00 | 5.00-30.00| 7.00-28.00| 8.00-15.00| 3.27-20.00
Northern Average 18.18 10.50 14.51 12.43 9.63
Great
Plains Range 4.00-55.00 3.00-20.00| 2.75-38.00| 2.00-55.00| 2.00-45.00
Southern Average 12.12 9.47 12.23 7.11 10.55
Great
Plains Range 4.00-30.00 3.50-21.00| 5.00-16.00| 4.00-15.00| 3.00-25.00
central Average 13.49 10.88 14.20 11.06 9.15
S Range 7.00-25.00 5.00-30.00| 6.00-30.00| 6.00-30.00| 4.00-25.00
Average 22.10 14.73 15.18 12.32 11.63
Northeast
Range 5.55-50.00 4.32-37.00| 7.50-20.50| 4.00-20.00| 3.00-25.00
Humid Average 21.50 11.68 14.21 12.47 12.00
South Range 7.43-85.00 2.50-37.00| 5.00-40.00| 6.26-30.00| 2.00-35.00

* Indicates data not available or not applicable.

shallower tillage operations that can be used alone or iIn
combination with subsoiling or chiseling, depending on site
characteristics. All three practices are capable of reducing or
eliminating existing vegetation and seed supplies of undesirable
competing species while providing conditions conducive to seed
germination and plant establishment (Vallentine 1989).

Moldboard plowing has the greatest power requirements and is,
therefore, more expensive than offset or tandem disking (Table
C-6). Moldboard plows are ineffective on hard, rocky, or clayey
soils, making them far less versatile than offset or tandem
disks, which are better adapted to unfavorable soil and
vegetative conditions associated with noncultivated sites. For
these reasons, moldboard plowing rarely occurs In the Pacific
Coast region; therefore, cost data for this particular type of
operation were not available. The Intermountain region,
characterized by long distances to LRAM sites and reduced
equipment availability associated with small population centers,
had the highest average cost for moldboard plowing compared with
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other regions. Offset disking is generally more expensive than
tandem disking (Table C-6), but does a better job of killing and
mulching existing vegetation with one pass of the implement
(vVallentine 1989). As with subsoiling and chiseling, higher
costs for offset and tandem disking were observed for the
Pacific Coast region (Table C-6). Well-developed farming
enterprises in the Southern Great Plains, Northern Great Plains,
and Central Lake regions with greater equipment availability
generally result in lower mechanical seedbed preparation costs
when compared to other regions (Table C-6).

Soil Amendments

Normal plant growth depends on the nutrient-supplying capacity
of soil to support and maintain critical physiological
functions. Disturbed, degraded, and eroded soils are frequently
lower in organic matter and other essential nutrients than their
undisturbed counterparts (Aguilar et al. 1988; Davidson and
Ackerman 1993) and usually require the addition of supplemental
fertilizer to encourage and sustain plant growth. Soil tests
should be used to determine the kinds and amounts of nutrients
that need to be added to the soil through fertilization.

Regional cost estimates for broadcasting and banding fertilizer
are given in Table C-7. Because each LRAM site will have
different fertilizer requirements, the price of fertilizers is
not included in these estimates. Local feed and seed dealers or
U.S. Department of Agriculture, Natural Resources Conservation
Services personnel can provide up-to-date fertilizer price
information based on site-specific soil test recommendations.

Broadcasting fertilizer on the soil surface is the most widely
used application technique. It is less expensive than banding,
which i1nvolves placing narrow, continuous bands of fertilizer
below the soil surface (Table C-7). Although banding i1s a more
expensive technique, it can reduce phosphorus fertilizer costs
because i1t reduces fertilizer surface areas exposed to the soil,
thereby proportionally reducing the amount that becomes
essentially unavailable for plant uptake through fixation on
soil colloids (Alexander 1977; Brady 1980). In general, the
high end of the range can be used as an estimate for banding
fertilizer costs and the low end of the range can be used as an
estimate for broadcasting fertilizer. Broadcasting and banding
costs, like those associated with seedbed preparation, were
highest in the Pacific Coast region. The highly established
farming enterprises In the Southern and Northern Great Plains
regions result in lower costs for these operations compared with
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other regions. The costs of these procedures vary depending on
job size, application rates, slope steepness, and soil moisture
content and rockiness (Table C-7).

Table C-7. Regional average costs and ranges for soil amendment
application.

Types of Amendments
Fertilizer,
Estimate Broadcasted, or Limestone and Nontraditional
Region Type Banded Gypsum* Materials**
($/acre) ($/acre) (€))
. Average 13.65 28.99 44 _80/acre
Pacific
Coast Range 5.00-32.00 5.00-75.00 12.00-100.00/acre
Average 7.11 40.56 9.05/acre
Inter-
mountain Range 3.50-12.00 3.50-75.00 1.75-18.00/acre
Northern Average 4.35 336.47 60.42/hour
Great
Plains Range 0.50-25.00 225.88-498.30 6.00-175.00/hour
Southern Average 6.47 23.55 4.62/ton
Great
Plains Range 1.00-28.00 2.00-60.00 1.60-7.75/ton
central Average 6.90 19.73 82.97/hour
Lake Range 1.00-35.00 2.00-90.00 35.00-156.61/hour
Northeast Average 6.66 35.80 38.46/hour
Range 2.57-10.00 5.00-100.00 10.00-90.00/hour
Humid South Average 6.69 51.27 27.83/hour
Range 2.50-25.00 3.00-195.00 7.75-45_00/hour
* Within regions, the lower end of the cost range excludes amendment costs,
whereas the higher end apparently includes amendment costs. For the Northern
Great Plains, however, the entire price range appears to include amendment
costs.
** These may include municipal sludge, papermill wastes, compost, poultry
litter, livestock manure, and food manufacturing wastes.

Extreme soil acidity or alkalinity have adverse effects on seed
germination and plant growth. Correcting these problems is
often accomplished by applying agricultural lime to acid soils
and gypsum or sulfur to alkaline soils (Brady 1980). Soil tests
should be used to determine the kinds and amounts of amendments
needed to correct acidity and alkalinity problems.

Table C-7 also provides regional cost estimates for applying
amendments necessary to adjust soil pH. Variability of the
site-specific conditions leads to distinctions in the kinds and
amounts of lime, gypsum, or sulfur needed to correct a given
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problem. The low end of the cost range excludes amendment
costs, and thus consists only of the labor and equipment
associated with the application. However, the significantly
higher costs obtained for the Northern Great Plains compared
with the other regions appears to include the cost of the
materials and custom application. The Humid South, where soil
acidity problems are common, tends to have greater costs for
applying lime compared with other regions.

Depending on region and proximity to various production,
manufacturing, or processing facilities, various sources of
nontraditional soil amendments may be available that can
complement or reduce the amounts of commercially produced
Tertilizer required to build soil fertility. These amendments
include papermill wastes, municipal sludge, compost, poultry
litter, livestock manures, and food processing wastes.
Amendments can be a valuable contribution to most LRAM projects,
and their availability and use should be thoroughly explored.
In addition to supplying soil nutrients, many of these soil
amendments can also build soil organic matter, improve soil
aggregate stability and resistance to erosion, and increase
water holding capacity (Sharpl